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The resonance is at ~126 GeV and it is SM-Higgs-like
0% -ish deviations still allowed
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)
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Non-discovery exotics

ATLAS Exotics Searches® - 95% CL Lower Limits (Status: HCP 2012)
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+electroweak - Gap to new physics - Natural?




Status of light scalars

unstable metastable trivial
\ \[ \l color code
SM  valid up to Planck
natural unnatural

MSSM '




S.B. Scale invariance

o(x) = o(e®r) + af

ffx=rfet
Restores symmetry to LEEFT




Dilaton Couplings

® Presume a strongly coupled conformal sector
coupled to weak elementary sector
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Dilaton-Composite Couplings

Longitudinal components of W,Z, 3rd generation
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Couplings - Summary

composite elementary

A,u , quarks, leptons

beta-functions

2my W2 +m3 22 + my(1 + 0. ] + 200y — Brr) /g F2,}

anomalous dim.

%(ﬂUV — Brr + loops)




Experiment

® |f the 125 GeV scalar is a dilaton we require:

® v~ f (Alignment of electroweak vev with CFT
operator vev)

® moderate anomalous dimensions for heavy
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The Dilaton Quartic

an,m aZnXm
2(n—1) f2(n—2) X2n—|—m—4

dilaton quartic

2
S — /d%f?((?x)Q — af*y* + higher derivatives

® 2>0-f=0 (no breaking)

® a3 <0-f=00 (runaway)

® 3 =0 - f=anything (flat direction)




Near-Marginal Deformation

Deformation can stabilize f away from origin

V= fPIAF(A(f) + BE'(A(f)] =0




The Dilaton Mass

mgy = ["BBF" +4F' + B'F'] = 4f*BF'(A(f)) = —16f*F(A(f))

small, so dilaton is light, right?

Fnpa ~

‘Need large B to find minimum V' = f2[4F(A(f)) + BF'(\(f))] = 0
Theory not conformal at scale f - no light dilaton




Goldberger-Wise

quartic mistune

V= f4 {(4 + 26%%1 — vy (fR)T" —ev] + 56{0(62)} = ['F(f)

U IR l
bulk potential

1/e
B 1 V1 + \/—5&/4 |
f — E ( | O(E))

Vo

yields hierarchy for /—da/4 < v

a A2

tuning: A = a] > e typically order 1000




Light Dilaton!?

Non-SUSY light dilaton:

a = O(JF )by tuning

Generically, dilaton is not light unless the quartic is
suppressed relative to NDA

To get a light dilaton, need flat direction in vicinity
of near-zero in B-function or large N

While this is natural in SUSY theories, it is not the
case in hon-supersymmetric ones

When dilaton is light, does not seem very Higgslike



The EWSB line-up
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A way out!

CPR idea
(Contino - Pomarol - Rattazzi)

® F(A) generically large, but if A near marginal for large
range of A, theory will scan over F with scale

® large F will not generate SBSI - minimum when F ~ 0

® dilaton mass proportional to €
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A Holographic
~ Realization
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Holography and light dilatons

5D Gravity +

single bulk scalar field w/ small potential
(small €)




Holography and light dilatons

S— [@ayi(~ R+ 59" owoons - Vo)) + [ataymi(o) + [aiayavio

small B < nearly constant V(®)

V(¢) = As +ef ()

Metric Ansatz - flat 4D slices  ID of scale - warping
ds? — o~ 240W) 42 _ dy2 n=Ay= O)G—A(w — %e—A(y)

AdS/CFT:




Holography and light dilatons

Imposing bulk eom on Vi gives pure boundary term
- 11

Y

dy€—4A(y) (4A/2 o A//) _ 2

40

Other similar terms from brane potentials

Vir = X4

Vi

and metric jump conditions

(¢ (A7 (—logx))) + %A’ (A7 (—log x))

|= vtrO0)

Aui:omatically minimized when BC’s satisfied

Precisely of form quartic modulated by chi dep. of F




Constant Bulk Potential

6k?
V(@ — A(5) — 2

Exactly Solvable:

1 sinh 4k(y. — y)
— log . . .
4 7| sinhdky. | Singularity at y.

—\2/—3 log tanh |2k(y. — y)] + ¢o

V(@) = A + Ni(o — v;)°

Boundary conditions generically satisfied for finite y.

sinh 4k(y. — vy)
d 2 _ d 2 d 2
’ \/ sinh 4ky.. ! Y




But Still Scale Invariant

explicitly broken by dynamical gravity - finite Mo
Vov = o (Do + O(X"/11p))

Vie = x" (a(vo) + O(x* /1))

Singularity at y. corresponds to condensate of marginal
operator in CFT - spont. breaking of Sl

Dilaton quartic is from composite condensates (IR tension) and
the condensate of this operator

Ok 2K
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Including a bulk mass

CFT coordinates
t =log ul = —A(y)

| 11 -
6 OlogV { 02 =0
k2 O0¢p 12

b+ |46 -
neglecting non-linear terms (small back-reaction):

®+4¢ — deg = 0 b(t) ~ Ae~ Ot L Bect
slowly running piece /




Boundary layer theory - asymptotic matching
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y

Figure 2: Left, bulk scalar profile: ¢,y (solid black), ¢, (dashed red), and ¢, (dotted blue).
Right, effective AdS curvature, A’(y): same color code.




Iwo regions
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Backreaction term

IR Universality - condensate of d ~ 4 operator

Full matched

solution

(boundary layer theory/asymptotic matching)
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The Outcome

You get a hierarchy:

1/€
Vo

+ Of(e

(?}1 — Sign(e)ﬁ arcsech(Gk/ﬁ;?Al)) ( )

2

(X)

1o

Dilaton comes out light (with suppressed CC):

2 2 4
Mailaton ™ Ef ACC et €f
UV value still tuned to be small

- only erase condensate contributions




v/f! - Lessons from Holgraphy

What is f?

S v vl
fES g \/log%’ F(RS) — N

Far too small to be consistent with LHC data
Suppressed by large N (perturbativity of 5D model)

It does suppress mass (once quartic tuning imposed):




Large N

Typical Walking
> A

Small N
Typical Walking

m5 ~ A°

Y17

f

“Scanning”

2 € /9
ms ~ —
d Nf
v 1
f N

Small N
“Scanning”

m?i ~ ef2

Y12
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Conclusions

® |f the 126 GeV resonance is a dilaton, it must be
uncannily Higgslike

® Tensions: EWP, Flavor, mass tuning, Higgs fits
® crucial to pin down properties with more data

® Light dilatons:

9 ° °

® class O POtentla theories -
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